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MANUFACTURING GUIDE FOR ELASTOMERIC SEALS

INTR)DUCTION:

One of the objectives of this effort was to increase competition for
purchasing elastomeric seals for Army weapons systems where acceptable seals
were available from only one or a few vendors and were difficult to fabricate.
Manufacturing data from tested formulations would be provided for vendors or
U.S. Government activities. This work was also directed toward establishing
Army in-house capability of manufacturing seal kits for the M140 Gun Mount.
These kits consist of six elastomeric seals, four polytetrafluorethylene
(PTFE) back-up rings and one cloth-filled phenolic ring. Such an in-house
capability would assure a ready source of supply for seal kits to be installed
in M140 and other gun mounts manufactured at Rock Island Arsenal.

ELASTOMERIC SEALS:

Elastomeric seal drawings were surveyed to determine the most needed seal
materials for Army weapon systems. Drawing 8689822 was found to provide a
suitable material call-out for use in many weapon systems where MIL-H-6083
hydraulic oil is used, especially for the M178 Gun Mount. The requirements of
that drawing, with the exception of substituting MIL-H-46170 hydraulic oil for
MIL-H-6083, were required for the seals for the M140 Gun Mount.

Drawing 8689822 cites 'Material: Rubber, Synthetic, Grade
SB715AE,F2,ZZ 2 Z,ZZ,2,, Specification MIL-R-3065 and MIL-STD-417. The Z
suffix requirements are defined as follows:

Z1 : Original Elongation - 150 percent minimum;
Za: 0 - 15 percent volume change after 70 hours immersion in MIL-H-6083

at 275 deg. F.;
Z3: No evidence of corrosion or adhesion against steel when tested per

MIL-P-5576;
Z4: TRIO value of -51 deg. F., or colder when tested at 50 percent

elongation per ASTM W1329. Material shall meet TRIO value of -51 deg. F. or
colder after 70 hours heat soak in hydraulic fluid conforming to MIL-H-6683 at
70 deg. C. (158 deg. F.);

Zq: Modulus at 100 percent elongation of 708 psi minimum, when tested per
ASTM D412;

Ze: Compression set after 70 hours at 212 deg. F. per ASTM D395, Method B
performed on buttons - 23 percent maximum. The complete set of requirements
for Grade SB71SAEF 2ZZ 2ZZ.Z,Z are presented in Table 1.

Examination reveals this combination of requirements, e.g., high modulus,
low compression set, resistance to embrittlement at low temperature, good low
temperature retraction before and after being soaked in hot hydraulic oil,
resistance to petroleum oil at 275 deg. F. and corrosion resistance to steel
is severe and difficult to achieve by using "off-the-shelf" nitrile seal
compound. Individually, any of the requirements Is not too difficult to meet.
even though it approaches the best attainable. However, when compounding to
reach a best attainable property for any one requirement, other properties are
sacrificed, so judicial compromises must be made to attain the desired
combination.
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TABLE 1

PHYSICAL PROPERTY REQUIREMENTS OF
GRADE SB715AEsF2ZZ 2Z3Z,ZgZ, PER DRAWING 8689822Y

PROPERTY REQUIREMENTS

As received sample:
(ASTM D 412 Method A)
Tensile strength, psi. 1500 min.

(AI) After 70 hrs. 0 212 dog. F. in air, ASTM D 573.
Tensile change, %. -20 max.
Elongation change, %. -40 max.
Hardness change, Shore A points. +15 max.

(E3) After 70 hrs. 0 212 deg. F. in ASTM 03 oil, ASTM D 471.
Tensile change, %. -45 max.
Elongation change, 1. -45 max.
Hardness change, Shore A points. -10 to
Volume change, %. 0 to + 25

(F2) Brittleness, deg. F., ASTM D 746, para 1.1, Note 1. -67
ASTM D 2137, para 3.2.1, Method A. No failure

(Z1) Elongation, %. 150 min.
Hardness, Shore A, ASTM D 2240. 70 + 5
Temperature retraction, (TRIO), deg. F. ASTM D 1329. -51 or below

(Z2) After 70 hrs. 0 275 deg. F. in MIL-H-6683 oil*. ASTM D 471.
Volume change, %. I to * 15

(23) Corrosion on steel, MIL-P-5518C. No indication
permitted

(24) After 76 hrs. 0 158 deg. F. in MIL-H-6083 oil.*
Temperature retraction (TRIO), deg. F. -51 or below

(Z5) Modulus 0 108% Elongation. psi. 709 min.

(Z6) After 76 hrs. 0 212 dog. F. in air, ASTM D 395 Method B.
Compression set, %. 23 max.

Other systems, e.g., the M140 Gun Mount, require substitution of MIL-H-48170
hydraulic oil.
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Two nitrile rubber based compounds wore developed to meet the call-out;
one compound, N221, is intended for use with MIL-H-6083 hydraulic oil and the
other, N220-1, for use with MIL-H-46170 (Table 2).

These compounds were mixed on a 2-roll laboratory mill measuring 6 X 12
inches. The same compounds were then mixed on a 30 X 12 inch mill used for
production purposes to determine if there were any substantial differences in
properties, especially stress-strain properties, between laboratory and shop
mixed batches. Difference in the size of the rolls affects the mixing of the
compounding ingredients into the rubber, mainly because larger rolls produce a
different shearing action in the mix of rubber than do rolls of smaller
diameter.

The following mixing procedure was followed in both the laboratory and
shop-

1. Pass rubber through tight rolls without banding, three times. Do each
rubber of the blend separately.

2. Then band both base rubbers in the formula on the slow roll of a tight
cold mill. Make two 3/4 cuts from each side after 1 minute to blend the
rubbers. Continue to run the banded rubber for 2 more minutes.

3. Add stearic acid, zinc oxide and Maglite D together evenly across the
mill. Then add Vanax A, Methyl Ethyl Tuads, Durax and Age Rites. Make
additions slowly without cutting the rubber until all the ingredients are
incorporated. Then make three 3/4 cuts from each side.

4. Add half of the carbon black and half of the plasticizer evenly across
the mill without cutting. When this portion of black and plasticizer is
completely mixed into the rubber, open the mill to maintain a small nip. Make
three 3/4 cuts from each end. Add remaining black and plasticizer evenly
across the mill. When all black and plasticizer is added, make three 3/4 cuts
from end to end. Cut from mill and roll the rubber.

5. Pass the rolled rubber endwise through the rolls six times.

8. Weigh and record weight of batch.

7. Sheet out and cool on bench top.

Only fresh elastomers and curatives stored less than 8 months after
receipt were used.

Standard 8 X 6 X 0.080 inch test pads were cured 30 minutes at 307 dog.
F. in a steam heated press, and 0.506 inch thick compression set buttons were
cured 45 minutes at 307 deg. F. in an electrically heated press.

Table 3 presents data for comparison of properties of both compounds 1221
and 1220-1 between those mixed and cured in the laboratory and those mixed and
cured in the production rubber shop. These data show that both compounds,
whether mixed in the laboratory or in the production facility, meet the
physical property requirements of the specified grade. However, the modulus
was measured to be lower with both compounds when mixed in the shop. Compound
3221 also displayed somewhat lower tensile strength In the shop mixed batch as
compared with the laboratory mix.
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TABLE 2
COMPOUND FORMULATIONS

COMPOUNDING INGREDIENTS PARTS BY WEIGHT

N221 229-1

Chemigum N917 (rubber) 93 95
Paracril B (rubber) 7 -
Natsyn 2200 - 5
Zinc Oxide 5 5
Stearie Acid 1 1
Age Rite Repin D 1.5 1.5
Age Rite Superflex 1.5 1.5
Philblack 9556 (carbon black) 45 45
Philblack N774 (carbon black) 79 78
Maglite D 5 5
Vanax A 1.1 1.1
Methyl Ethyl Tuada 2.3 2.3
Durax 1.75 1.75
Plasticizer TPQOB 30 -
Plasticizer DOS - is
Plasticizer TPg5 - 15

TOTAL 264.15 264.15
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M140 SEAL KIT:

Figure I shows a cut away of the M140 gun mount with the rubber seals and
rings and plastic seals that make up the kit.

Elastomeric Seals:

Six single cavity steel mold was fabricated for compression molding the
six seals required for the M140 gun mounts. Pertinent drawings for these
seals are 8728296, 7044081, 7044083, 8448920, 8448921 and 8449265. These seal
drawings are shown in Figures 2 through 7, respectively*.

M140 Polytetrafluorthylene (PTFE) Back-up Rings:

The seal kit for the M140 gun mount also requires four different sizes of
PTFE back-up rings (8448919, 8449266, 8448922 and 8448915) for the elastomeric
seals. Figure 8 shows the role of the back-up rings (white) with the matching
elastomeric seal (black). Figure 9 shows all the matching combinations; one
back-up ring is used for three different seals. These pictured back-up rings
are proposed replacements for the PTFE and are discussed later. The PTFE
back-up rings are manufactured by machining them from PTFE tube stock, carbon
filled (amorphous) 20-25 percent by weight, graphite filled (amorphous) 0-5
percent by weight. Appropriate sizes of tube stock of this PTFE material were
procured and processes were developed to turn outside and inside diameter

simultaneously, cut off and debur. A cutting fixture was fabricated to slit
the rings, as appropriate, at a 15 degree angle scarf.

Back-up rings machined from the PTFE tube stock were measured by SMCRI-QA
and were found to meet the dimensional requirements and were considered
acceptable for use.

M140 Reinforced Phenolic Back-up Rings:

One cloth reinforced phenolic back-up ring (7044082) is also required for
the M140 Oun Mount Kit. A blanking die was fabricated to blank out the

outside and inside diameters simultaneously, and a matching die was made to
separate the ring as required. The cloth reinforced phenolic sheet stock was

conditioned for 24 hours at 50 + 4 percent relative humidity at 73 + 2 deg. F.
prior to being cut. These back-up rings were found dimensionally acceptable.

Past experience has revealed that the hydroscopic nature of the cloth-
filled phenolic rings presents a problem as the rings change dimensions

depending on the relative humidity where these back-up rings are stored or
handled during assembly. Installation of the water swollen rings becomes
difficult or impossible. Therefore, nylon reinforced phenolic sheets, which
are less hydroscopic, were procured for testing to ascertain the feasibility
of using it as a replacement for the cloth-filled phenolic. It was intended
to use the same blanking die that was previously made to cut back-up rings

from the nylon filled phenolic material.

Acceptable back-up rings could not be die cut from the nylon reinforced

phenolic sheet as excessing layers of nylon produced too rigid of a sheet.
Edges were frayed during the blanking process, and parts meeting the
dimensional requirements could not be produced.
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KEYS TO FIGURE 1

Part No. 1 8728296 Rubber Ring 1

Part No. 2 8448921 Rubber Face Seal 1
8448922 Plastic Ring 1

Part No. 3 7044083 Rubber Ring 1
8448915 Plastic Ring 2

Part No. 4 8448920 Rubber Face Seal 1
8448919 Plastic Ring 1

Part No. 5 7044081 Rubber Ring 1

Part No. 8 8449265 Rubber Seal 1
8449266 Plastic Ring 1
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M140 Gymnastication:

The six rubber seals for the M140 Gun Mount molded from compound N220-1
were installed along with attendant commercial PTFE and cloth-filled phenolic
back-up rings in an M140 Gun Mount that was exercised on a powder
gymnasticator at RIA. No problems were encountered with installing the
elastomeric seals in the M140 Gun Mounts. The seals were mounted in five gun
mounts, and the changes in ounces were 11, 11 1/4, ii 3/4, 12 and 12 1/2.
Allowable oil leakage was a maximum of 40 drops.

Gun mounts serial numbers 12307 and 12399 exceeded that limit.
Disassembly and Inspection of the seal systems revealed that the phenolic
rings displayed excessive gaps which was attributed to the excessive leakage.
The 'Weapon Firing Reports* for these gun mounts are provided in Figures 10
through 14.

Replacement of PTFE for the M140 Back-up Rings:

Current practice to fabricate the PTFE back-up rings by machining them
from tube stock is not entirely satisfactory, as at times, difficulties were
encountered with procurement of PTFE tube stock that could consistently meet
the required physical properties, in particular the compressive strength.
Furthermore, the PTFE is quite expensive, and the machining operation produces
a large amount of unreclaimable scrap. The machining process is also time
consuming and, therefore, costly.

Alternate materials and manufacturing techniques were studied as possible
replacement of the machined PTFE. An injection moldable thermoplastic
polyester material, Valox 325, was chosen as a potential replacement of the
machined PTFE back-up rings. Typical physical properties of the Valox 325
material are listed in Table 4.

A contract was awarded for the fabrication of a single four cavity
injection mold to produce the four different sized rings required for the kit.
The four back-up rings have been molded by the contractor and are planned to
be tested in conjunction with elastomeric seals in an M140 Gun Mount on the
gymnasticator.

Back-up rings made by the injection molding process were not totally
acceptable to drawing requirements. Surface finish did not meet the 32 RIdS
requirements, and concave surfaces were noted. However, polishing or other
remachining of the mold could eliminate this problem. Some of the dimensions
were out of tolerances. Measurement data of the plastic back-up rings is
presented in Tables 5 through 8. Nonetheless, these back-up rings are
satisfactory to be tested in an experimental basis in an M140 Gun Mount in a
gymnasticator.

21
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WEAPON FIRING REPORT

SJOB C IEQ NO. r JT QE':. E. . T CR1'v P.4-,= NO. ' i

SARRI-APA LOI dated 2 Feb 78
/' /6Lj)-/VC.O Ml4OAl Recoil Mechanism _ _

MATERIEL TESTEC:
Mfg: RIA(>)

Mount, Gun: Ml4OAI, for M6OAl/A3, S/N 1 ,JU'' Chrysler (

PLRPCSE ^ F "Ej 7

Production Proof Acceptance

FIXT,RE -NO Oq EA- E
L 

AjSEO 'N TEST.

Powder gymnasticator, a simulation device, drawing No. 66F417.
Elevation simulation equ.pment, drawing No. AWC 138815.

Case, cartridge, M18 modified, lot: mixed.
Primer, percussion, MlBlA2, lot: _ - " _
Propellant, Ml, single perforated, lot: claq
Cup, closing, 75nm, RIA manufacture.

The mount was functioned in accordance with MIL-M-45976(WC), para 3.3.4.2.
Replenisher, P/N 8689261 , with MIL-H-46170 oil, used in
testing the mount. Ambient temperature " .1 F
Collar torque per para 3.3.2., Yes ('V) No' . Replenisher oil reserve per
drwg. 7389741, Yes (\/) No (). Erratic oper-ation or HOB, Yes (-) No (V).
Case ejection, Yes ,X) Nc .()4

Remarks (Continue on reverse): SI 'C / 4l .c-,4'- I /YTyP6 IVA 7 7)

Recoil Cycle Oil Head Rear Seal Leakage
Round Charge Length rime Pressure Space Drops/Minute

_0. Oz In. Sec. s i, In Ist 2nd I 3rd :Tot al. N

2 1 C11 I
3 1' 0 ___,-)

5 1 S% 1 ___\

6S 6 -5A .

Su2-2
44 LE8W ~L 4i__ 1 -iI

_C__ C__ I__ _j 1 7 0 -311

-13- C-___ __

SARRI -. 114, MVOW~/ .5
FIGURE 10
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WEAPON FIRING REPORT ,f T0 ,

JOB CRCER NO. "EST 4E-',jE$T ,AwTHOR AE NO. NO,

SARRI-APA LOI dated 2 Feb 78
0- 44 . - /V e M14OAl Recoil Mechanism "_

'WA E RI r{t M f g : R IA ( X

Mount, Gun: Ml40Al, for M6OAl/A3, S/N /2230 7 Chrysler (

PURPOSE OF TEST:

Production Proof Acceptance

FIXTURE ANO OR EATEIEL ..;SED IN TEST:

Powder gyinnasticator, a simulation device, drawing No. 66F417.
Elevation simulation equipment, drawinrj No. AWC 138815.

AmWiLNi'ON COmPONEN'TS;

Case, cartridge, M18 modified, lot: mixed.
Primer, percussion, MIBIA2, lot: , l5 ' - •
Propellant, Ml, single perforated, -r17 /2 //7
Cup, closing, 75mm, RIA manufacture.

The mount was functioned in accordance with MIL-M-45976(WC), para 3.3.4.2.
Replenisher, P/N 8689261 , with MIL-H-46170 oil used in
testing the mount. Ambient temperature ,.- r /-
Collar torque per para 3.3.2., Yes (X) No ( ). Replenisher oil reserve per
drwg. 7389741, Yes (%) No ('). Erratic oper-ation or HOB, Yes ( ) No (X).
Case ejection, Yes X No

Remarks (Continue on reverse): FM 'Seqi" ( loe 7)

Recoil Cycle Oil Head Rear Seal Leakage

Round Charge Length Time Pressure Space Drops/Minute
No. Oz. In. Sec. psi In. st 2nd; 3rd Total

1; i/'/ /K { , .. .3o, C'.0

rN 2 __ /1j Vy 11 7 . I i L I__

i -Lf. " ',4'-3 t y I

6-y ~i-po~ _

L____ lals I I "l. ___, .

// L ~ L1 ~ L i .... t
0 . l 6 ,4 T7-,_______ _-___--I"--

15RR 1:~ 111 1.7 fJ 711A

FIGURE 11
23



WEAPON FIRING REPORT

jOB ORDER *40. '.-TR 't;5 AQJTmOR! 1 PAGE NO. Nc. :1

SARRI-APA LOI dated 2 Feb 78
A2 7.2- ./& o IMl4OAl Recoil Mechanism /
mATERI EL 72$T -Z): Mfg: RIA (7)
Mount, Gun: Ml4OAl, for M6OAI/A3, S/N /2o -' Chrysler (

P.j POSE OC TEST

Production Proof Acceptance

V!XTURE AND OR MATE~iEL .AE:) !. .7ES-r

Powder gymnasticator, a simulation device, drawing No. 66F417.

Elevation simulation equipment, drawing No. AWC 138815.

4,A4--NI .ON .OMPONEN5:

Case, cartridge, M18 modified, lot: mixed.
Primer, percussion, MlBIA2, lot: kIS--293-)4 .

Propellant, Ml, single perforated, 7ot: .... ./
Cup, closing, 75mm, RIA manufacture.

The mount was functioned in accordance with MIL-M-45976(WC), para 3.3.4.2.
Replenisher, P/N 8689261 , with MIL-H-46170 oi.l, used in
testing the mount. Ambient temperature j ' j Y -- I
Collar torque per para 3.3.2., Yes ( ) No ). Replenisher oil reserve per
drwg. 7389741, Yes C ) No ( ). Erratic opiFation or HOB, Yes ( ) No )
Case ejection, Yes () No ( ).

Remarks (Continue on reverse):

Recoil Cycle Oil Head Rear Seal Leakage
Round Charge Length Time Pressure Space Drops/Minute
No. Oz. In. Sec. psi In. I st 2nd 3rd Total

2 //Y,2 //4. ,s I ?/o J/YtI, t., / .y.-?,o !/,y

I / /A I T4 1 /ly.
5,,..6 .. L4. j Y .;r S'L 728o Li4 _

8 -//.7. /,',, , i,.L'X- 2 //4'
A'/ , ,tFe i / " . W___

11 ' "____ ""y.- :z i_ __
___2_ __I____ ' -'

-13 _ _[ ,, ' "

nARRI ' -O ZU a

FIGURE 12
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WEAPON FIRING REPORT , ;

JOB ORDER NO. TEST REOJEST AjtIORITf PAGE N). NO ZF P-, ES

SARRI-APA LO dated 2 Feb 78/9q 'O3- / 'ooo°  M14OAI Recoil Vechani.sm
MATERIEL TESTEZ::Mg I -,ACREL:slE::Mfg: RIA ( X )

Mount, Gun: M14OA1, for M6OAI/A3, S/N /4 3_0 Chrysler (

PURPOSE OF TEST:

Production Proof Acceptance

FIXTURE AND OR MATERIEL USED IN TEST:

Powder gymnasticator, a simulation device, drawing No. 66F417.
Elevation simulation equipment, drawing No. AWC 138815.

AomAUNITION COMPONENTS:

Case, cartridge, M18 modified, lot: mixed.
Primer, percussion, MlBIA2, lot: 45-Fj -
Propellant, Ml, single perforated, lot: jJVD j 9 . .
Cup, closing, 75mm, RIA manufacture.

TI ST PROE'j;;E:
The mount was functioneJ in accordance with MIL-M-45976(WC), para 3.3.4.2.
Replenisher; P/N 8689261 , with MIL-H-46170 oil, used in
testing the mount. Ambient temperature jj
Collar torque per para 3.3.2., Yes (_X) No ). Replenisher oil reserve per
drwg. 7389741, Yes ( Y) No ( ). Erratic operation or HOB, Yes ( ) No (_.).
Case ejection, Yes (X) No (-).

Remarks (Continue on reverse): p~r.L (jS? 4 ,S6(7)

T ., .[Recoil Cycle Oil Head Rear Seal Leakage

Round Charge Length Time Pressure Spate .Drops/Minute
No. Oz. In. Sec. psi In. ist 2ndl 3rd Total

1 _____ / " 1 ,q ______/ p -
2 IL If' .I •6L. .n /,. il-Yvf ,_ '" __

.6_/___. ~/ . .., ., ' '" I"~ / __,,__ _-',-

7 JiJ ,,,,, , , 3c ii , - - _

1__'__ __
12 A
13'

4 3 -
1 5 .. __ 1_1 Io".

7 _ 63 rG U// c3

9 / 4 IY-1 ni _ /1I _

F-GUISF 13



WEAPON FIRING REPORT ,"

3 OR'DE£R NO. °. C:ZH PI, N, - -

SARRI-APA LOI dated 2 Feb 78/ IO -/ "0 MlOAl .Recoil Mechanism /

-ATEAEi Mfg: RIA ( ) )

Mount, Gun: MI4OA1, for M6OAl/A3, S/N / 3/. Chrysler (

P.,RPCSE C 7S

Production Proof Acceptance

r it:,.AE -LN: OR ."AAT :E. _ S 'D -N TES-

Powder gymnasticator, a simulation device, drawing No. 66F417.

Elevation simulation equipment, drawing No. AWC 138815.

: . W,I iON . Pll}N E4"S.

Case, cartridge, M18 modified, lot: mixed.
Primer, percussion, MlBlA2, lot: - -4 L3-
Propellant, Ml, single perforated, lot: . pap 6E,/17
Cup, closing, 75nm, RIA manufacture.

The mount was functioned in accordance with MIL-M-45976(WC), para 3.3.4.2.
Replenisher, P/N 8689261 , with MIL-H-46170 oil, used in
testing the mount. Ambient temperature z v .
Collar torque per para 3.3.2., Yes (IX) No ( ). Replenisher oil reserve per
drwg. 7389741, Yes (i) No ( ). Erratic ope'ration or HOB, Yes () No (21)
Case ejection, Yes (X) No C-).

Remarks (Continue on reverse): Se c,5v 4 e, 4 YL a 7

Recoil Cycle Oil Head Rear Seal Leakage

Round Charge Length Time Pressure Space Drops/Minute
No. Oz. In. Sec. osi In. 1st 2nd I 3rd Total

_ 1 / I /-/ , , 1Ll , ' / " I 0
3__ /A .7f 4 l70___

5 1,2 I /(P At 62 1 i 3 LTo /'" '
7I 13 1," -,?3 ,o i I -
3 1 i ' / I/ __,_.___-_" , /__"_ ___

B T

SAR I : 2%.1 4,_ _ _ I _ _

FIGURE 14

20



Table 4

Comparison of Valox 325 with PTFE

Property Valox 325* Requirements for PTFE Material

Tensile strength, psi 7,509 2,000 min.
Elongation X 390 i
Flexural strength 12,006 cc
Compressive strength 0 13.009 1,706 min.
10% deflection
Shear strength 7,790 3.900 min.
Hardness, Shore D as 66-70

Typical value
Nc No requirement

27
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CONCLUSIONS:

Rubber compounds are available that meet the property requirements of
material drawing 8689822 or of drawings differing only by the substitution of
VIL-H-46170 hydraulic oil for MIL-H-6083.

RIA has the in-house capability to fabricate elastomeric seals, PTFE and
cloth-filled phenolic back-up rings.

RECOMMENDATIONS:

Attempts should be made to formulate a single compound suitable for use in
both MIL-H-6083 and MIL-H-46170.

Other materials should be sought for replacement of the cloth-filled
phenolic back-up rings.

32



DISTRIBUTION LIST

COPIES

A. Department of Defense

Defense Technical Information Center
ATTN: TSR-i
Cameron Station 2
Alexandria, VA 22314

B. Department of the Army

Department of Army
Assistant Secretary of Army
ATTN: OSD(PL)
Dr. L. Lehn
Pentagon
Washington, DC 21310

Department of the Army
ODCSRDA
ATTN: DAMA-PPM-P/LTC S. Marsh
Room 3C406, The Pentagon
Washington, DC 20310

U.S. Army Materiel Command
ATTN: AMCPD-P
5001 Eisenhower Avenue
Alexandria, VA 22333-0601

U.S. Army Armament, Munitions & Chemical Command
ATTN. AMSMC-PBS-A
Rock Island, IL 61299-5000

U.S. Army Armament, Research, Development and Engineering Center
ATTN: SMCCR-PEV, Bldg. E3330
Aberdeen Proving Ground, MD 21610-5423

U.S. Army Armament, Munitions & Chemical Command

Chemical Research and Development Center

ATTN: SMCCR-PMI/Mr. John Kurtz
Building E5101
Aberdeen Proving Grounds, MD 21010

U.S. Army Armament, Munitions & Chemical Command
Production Base Modernization Activity
ATTN: AMSMC-PB (D)
Dover, NJ *7861



DISTRIBUTION LIST

COPIES

AMC Intern Training Center
ATTN. AMXMC-ITC-E/Mr. Mickey Carter
Red River Army Depot
Texarkana, TX 75507

U.S. Army Management Engineering College
ATTN: AMXOM-SE/Mr. Paul Wagner
Rock Island, IL 81299

U.S. Army Materials & Mechanics Research Center
ATTN: AMXMR-PP
Watertown, MA 02172

U.S. Army Applied Technology Laboratory
Army Research Technology Lab (AVSCOM)
ATTN: DAVDL-ATL-ATS/J. Waller
Fort Eustis, VA 23804

U.S. Army Industrial Engineering Activity
ATTN: AMXIB-M/Mr. James Carstens 1
Rock Island, IL 81299-7260

U.S. Army Missile Command
ATTN: AMSMI-ET/Mr. Bobby Park 1
Redstone Arsenal, AL 35898

Rock Island Arsenal
ATTN: SMCRI-SEM 1
Rock Island, IL 61299-500

U.S. Army Tank-Automotive Command
ATTN: AMSTA-RCKM/Mr. Donald Cargo, Jan Dentel 1
Warren, MI 48090

U.S. Army Test & Evaluation Command
ATTN: AMSTE-AD-M/Mr. William Deaver 1
Aberdeen Proving Ground, MD 21005

U.S. Army Test Measurement Diagnostic Equipment Support Group
ATTN: AMXTM-S/Mr. Ken Magnant
Redstone Arsenal, AL 35898

Watervliet Arsenal
ATTN: SMCWV-PPI/Mr. William Garber 1
Watervliet, MY 12189

U.S. Army Corps of Engineers 1
Construction Engineering Research Lab (CERL)
ATTN: Mr. Robert Weber
P.O. Box 4005
Champaign, IL 81820



DISTRIBUTION LIST

COPIES

C. Department of the Navy

Commander
Naval Material Industrial Resources Office
ATTn: Code 044

Code 277
Philadelphia Naval Base
Philadelphia, PA 19112

D. Department of the Air Force

Commander
Air Force Materials Laboratory
ATTN: LTM
Wright Patterson AFB, OH 45433



0 do

r r.

1.2 0 a- 0 41. 4

so i - - .d C
1.o' -- I a -Z -m tlit

0d 0 1... All4 10 0 24 Q

- S 0 4- 30,) M. . 0

.~~ ~~ ~ a A00 O..3 - 3

Ca.- .6 1 - 0 0 4

40 S.. 
0

-~ 06 a 41 Ml- C.0.w

06 0 0 06 0 0.
. 0 0 S . 0 .0 0 4 . I.

Oa3 41o 4 4.'n a
041 x ~ -Z -C41o 0

41 .03 41 a103 a

Z. -- a0 . . 2 -00 4 ~ V &0 p14 . 4 0 c) 44

a .4 '0 '4 1. 02 .0 00411

0 0 --l *0 0 i. , 0 40 1-4 a .00 .
an. . U 0 C6

v4 0 0 .~ .O 41 a 41 0 0r- 0b 1& 3 960.0 - 0 '0 a0.4041C v- 41 1.'~ 0 0 046 tV ~ . i. 0
9d4lc 0. *2 0 S. 106 V. 0o 4 .. 40 a

41 0 4 0 . 0 L- 0 0 r 0 0 N. 9.

.w N . . 4 0 A 3 0 a 0a a
O. --. 4 32 4j C4 43.4

.. s. t- a2
as al a C4 00.). . im a al

I 0 - 0. a 0
FA 0 0n 4 0 - -0' 0 . 4 -'5.Q 1.. 0 00.0 061 0 0 0 4,0 0. 0. 04C Ci Cl . Q. 0:.1 (4C 4

C6 a4 I '4 -1 -* 32 C' E!4.00'.4.
0 a 9: 4 -- 0. U .0.- 0.
*3.0 .0d a 4 410.20 *1i . 0c 04 06.-

C m. K) 0 11 4 . 0 0 0 01- 0~ G

e0 '0 en. -0 06 0. 0
00-id r 4- . OS0 - - 0 0

'U 04 0 *04 .0 .. 0 .a A. w4 0 *0 10 .

~16 00 C- .. 1 bU o ~ 3
0 0.0 41A4 41~0 4-in -- a 4 1 0

a a t-0*
4. 9) a- .
a. A. -

-~.0 a 0- 0 .
all 40 0 04 : 40a

4.' 0 0 4..'. 0 6 a
V 0 ,4 0 m - a

010 0. -54 la

4 a 0. 06 4- 3
a lb 00 1. 0 0' .

0- 0 41. 4b a a 0 - loc0
r.l 06 S. Od C 0

00 4 0 . Go 00 .0 4.
C4 aS4 ;. .0 0' 4

a 0 Q0 0a .. m VA 4.Q09

0 3 -j .00 in4 r.40 0 4
0m .0 0S.4 .0 0 110 ' 4 4 .

as ) Re .0 U 0. 0a) ' 0 I U 0
:- ~ ~ D -.30 ~ ~ .

as a -0 a.6 "M V0.

16 e a.0 .'0-0 16 4.0 U - - -.
a~~~c -6 :A 0410i 9

- a r: :i 040gS -2 -

ci0- .l I. 04 :a" 90 M 00- .0 ada 0 140 v



Wa u.. a pr 0. 'a -D.

-A _. 0, to Z, 0~ 'U 1m = 0f

wW 0- C 9 q ~ w c~

-3 Ol 0

*.0 v~ a,09 0 0 *

90 * ,* 1- 0 - 92~
04o a 000 o0. 0m

C6 '0, C ' 09 40
mour el' "1 0 moC. -9 -5

*W0 m ,~, 5 .B* Co0.-

0 9 V -S 0 0 ,9 - a IaWa 0 Is C. ::4. -1 0 mm v.. CL 0. a w

ma -r 0 0 - 0 

0W~ at 00 wW 0.
-o, 0 1,to - '.-O fo -

00 C.a-*0 C ,~
n -, - -m 4

0 0 go

- 0. - 0.c a c

o 1 in

C=1 10, Oa 0a, a
~P4* 09-c-~ ~m4o ~

~~~~0 -~C0 a~U OP -0
- ~ ~ N A.- I.~ to W 9 0

.-.- ,-m -am.in - 0 -0 m

0 =,r 00S -9W 1*3 *a 06C

0 le. *i '
. :r 006 0. W0 126

4 0 00 '4 0 0 0 C0

*1 caa0 03 *U0 pr- .P rVV -3
*~~ !3,- 0-m 0. as, -m

06 9 - 'I-0a*ap

4 -' 01 9r a-~ OP 04b409
-C*~ C. eptot lb0 < * a~w

.co 0C0p1P fto OC0 n so
00 0* -r !. C-"

n1 c40 a 0. P. 0 4 .

wC. 00 .. 5 cC- 0,0 -0

C -- 00%0 -S P I- 0 80 oS cW-90 .. 0 Z 'n -"IS .- 0 0 .

mw .a, a 0 S - Z; *0 pa 0.-

0 n 0c-O 0.Cc-.C-' zO 0.-0 Oft
ft0 a I o I a0a a09 =9P a0 - c

me- C-6 'I~c.
Ce-- 0.0C V cc.- '060-

0 0 - ,50 -5 n0 - 00

s F sp-0 -0. Rm :

0 0 *ft0 0. *O " 0 0 .6
-o 1 -9 vo 0

.- 0 m0 .- Z- CO ,a
00 ;- P-C 0o 06 a=-C

0 o

w 0. -: 0

X :: a f4r0 '0
* n 0


